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Abstract 

Decalepis arayalpathra, (Apocynaceae s. l.) a critically endangered and narrow endemic taxa confined 

to Southern Western Ghats, Tamil Nadu and Kerala. The plant has a potential resource for ethno 

medicinal, phytochemical, economical and biological importance. The present work was assessed on 

the pollen morphology, cryopreservation (-196°C), pre- and post-in vitro germination studies, under 

different temperature regimes (-20°C and -80°C) and standardization of germination medium to 

preserve the pollinia. Each single pollinia consist of 12-22 pollen tetrads. The maximum germination 

of pollen was achieved in PGM2 15% (Brewbaker-Kwack medium) in absence of potassium nitrate. 

The results obtained by the process of cryopreservation resulted that the fresh pollen attained 52.86% 

of germination as compared with those pollen stored under temperature regimes -20°C and -80°C, 

which literally failed to germinate beyond 2nd and 5th day, respectively. However, the germination 

percentage of cryopreserved pollens was 52% when stored under -196⁰C until 30 days of a month. 

The present investigation offers the possibility of establishing a pollen preservation protocol for 

breeding and conservation of this narrow endemic species. 
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Introduction 
Decalepis arayalpathra (J. Joseph & V.Chandras.) 
Venter [= Janakia arayalpathra J. Joseph & V. 
Chandras] belongs to the family Apocynaceae. 
It is a perennial shrub, grows only on rocky 
cliffs and slopes at an altitude between 600 – 
1400m (Joseph and Chandrasekaran, 1978).  It 
has restricted distribution to Southern Western 
Ghats of Agasthyamala Biosphere Reserve 
(ABR) confined to Tirunelveli and 
Kanyakumari districts [Tamil Nadu], 
Thiruvananthpuram and Kollam districts of 
Kerala (Ravikumar. et al., 2000; Verma and 
Sarkar, 2014). It has categorized as Critically 
Endangered (Molur and Walker, 1996) and 
declared as “species of high conservation 
concern” by National Biodiversity Authority 
of India (Notification 2009, 2011). The recent 

investigation, states that the species is 
‘threatened’ due to its specific ecological niche 
and its existence on rocky outcrops, 
fragmented population and narrow 
distribution along with root rot disease 
(Premalatha. et al., 2015). The other reason of 
decline is due to overexploitation of root 
(Malleshappa, 2013; Sarkar, 2012) where the 
local Kani tribes inhabiting in ABR, habits 
tubers for treating peptic ulcer, cancer-like 
afflictions and as a rejuvenating tonic 
(Pushpangadan. et al., 1990). However, it has 
low genetic diversity based on the studies of 
ISSR and RAPD molecular analysis 
(Premalatha. et al., 2015). 
 

Among the reproductive events in the species, 
pollination, seed dispersal and seedling 



Sumalatha, B.S. et al.                                              Volume 15, Issue 08 (2026) pp.14-23 

 
 

Annalsofplantsciences.com  P a g e  | 15  

establishment are the most serious aspects to 
be considered. If in case failure of any one of 
them could lead the species to threatened. 
Since, there is less studies on pollination 
biology of wild Plant Genetic Resource (PGR) 
(Shivanna, 2012). The studies on pollination 
biology is need of the hour for multiple 
scientific research areas like systematic botany, 
paleobotany, paleoecology and pollen analysis 
for successful conservation and management 
of any endangered species (Mazari. et al., 2017). 
Hence, pollen cryopreservation is a promising 
application and cost-effective technique for 
maintaining genetic diverse stocks of pollens 
collected from wild for future conservation 
and a strategy that can also accomplish 
conservation of Nuclear Genetic Diversity 
(NGD) to conserve genetic variation expressed 
through pollen (Rajasekharan, 2015). 
Application of cryogenic techniques for 
conservation of wild tropical plant species 
would enable extended use of the male 
gametophyte for providing access to the 
conserved nuclear genetic variability, there by 
facilitating hybrids genera and genetic 
enhancement of derived crops, which requires 
introgression of pollen transmitted genes from 
wild source (Normah. et al., 2013). In other 
aspects, for long term ex situ conservation 
through cryopreservation eliminates the need 
for frequent sampling of pollen from the wild 
for assisted pollination needs, eventually 
increase the sustainable use of tropical plant 
resources available in situ, and allows normal 
evolutionary processes to the operated 
(Engelmann, 2004).  
 

The present investigation is based on the 
studies of pollen structure; cryopreservation 
protocols have been developed for pollen. 
Furthermore, the evaluation of in vitro 
germination of fresh and cryopreserved pollen 
for various durations will be carried. 
 

Materials And Methods 
The study area is confined to southern tip of 
Western Ghats, in and around Agasthyamalai 
Biosphere Reserve that spreads over in two 
districts of Tamil nadu i.e., Tirunelveli, 
Kalakad-Mundanthurai Tiger Reserve 
(KMTR) and Kanyakumari, Kanyakumari 

Wildlife Sanctuary (KWS). D. arayalpathra was 
collected and conserved in Ethno Medicinal 
Garden (EMG) field gene bank (Fig. 1a-c) of 
Trans-Disciplinary University (TDU-FRLHT), 
Bangalore for further studies. 
 

Pollinia Collection and Germination:  
To obtain pure samples of pollinia, the flowers 
were bagged with paper bags at the budding 
stage. The pollinia, collected from the freshly 
opened flowers that 1–2 days of after anthesis 
and brought to the laboratory in sterile petri 
plates. Petals and translators were carefully 
removed with sterile needle and were placed 
on the watch glass. Initial care was being taken 
to avoid the damage, while excising the 
pollinia from translocator (Fig. 1d-g). further, 
the fresh pollinia were mounted on slide to 
study the morphological characters using 
Nikon microscope, SMZ 1000 (Japan). 
 

Pollen Germination Medium (PGM)  
The Brewbaker-Kwack medium was prepared 
in two ways. 1. PGM1: containing (sucrose 5-
30%, boric acid 100 mg/L, calcium nitrate 300 
mg/L, potassium nitrate 100 mg/L) and 2. 
PGM2 containing (sucrose 5-30%, boric acid 
100 mg/L, calcium nitrate 300 mg/L) were 
used for further studies.  
 

Alexander Differential Staining to Assess 
Pollen Fertility (Alexander, 1980)  
The stain was prepared by mixing the 
following constituents: 1. Ethanol (96%)-20 ml 
2. Distilled water-50 ml 3. Glycerol-40 ml 4. 
Acid Fuchsin-100 mg 5. Phenol-5 g 6. Lactic 
acid-2 ml. 
 

Pollinia is dusted with 1-2 drops of stain on 
slides and warmed lightly before placing the 
cover slip. The cover slip was sealed with 
fixogum to prevent evaporation. Slides were 
examined after 15-30 minutes. Incubation at 
50o C for 2-4 h, makes the stain deepens. 
 

In vitro Germination and Viability of Pollen: 

(Shivanna and Tandon, 2014) 
The present investigation was carried by 
taking the fresh pollinia and were dehydrated 
by simple air drying for 10 min at 27 ± 2°C by 
placing them in laminar air flow cabinet. Later, 
the pollinia were incubated in the presence of 
PGM1 and PGM2 medium, in addition with 
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various concentrations of sucrose (5-30%) by 
hanging drop method. The slides were 
maintained in a humid chamber at 25 ± 2°C. 
Further, germinated pollinia was stained with 
Alexander’s stain to check the viability. 
 

Temperature Regimes for Pollinia 
Preservation: (Ganeshan. et al., 2008) 
About 10-15 dehydrated pollinia were 
transferred to the cellophane sheet (4×3 cm) 
and carefully placed in empty gelatin capsules, 
and sealed with airtight laminated poly 
aluminum pouches. Further, labelled and were 
stored, with sufficient number of pouches 
under different temperature (-20°C, -80°C and 
-196°C). Initially, care was taken when pouches 
were placed in the Liquid Nitrogen (LN) 
canister (Mach SM-43, MVE USA) by gradually 
plunging inside. Samples were placed in LN 
for extended periods, to analyze their viability 
even after prolonged storage. At the time of 
testing, the pollens were taken out of the 
cryobiological system and rewarmed to 
ambient temperature.  
 

Preparation of Pollinia Sample for Scanning 
Electron Microscopy: 
The dissected pollinia were rinsed in ethanol 
(70%): lactic acid in a ratio of 2:1 to remove 
debris. Further, it was transferred to the cavity 
slide containing glutaraldehyde 2-5% and 
were washed with 0.1M phosphate buffer (pH 
7.0), there after with 1% Osmium teroxide 
(OsO4) in the same buffer (pH 7.0) for 30min. 
The treated samples were rinsed with distilled 
water for 5 min, followed by dehydrating 
through an increase gradient of ethanol series 
concentration (Kuo, 2008). Later, the samples 

were dried at critical point dryer using CO2 as 
the transition fluid and then mounted on the 
stubs with tacky tapes. Specimen was coated 
with gold using Ion sputterer to a thickness of 
30-40nm (Sputter coating Quotum SC 7620). 
The coated samples were examined with a 
VEGA3 TESCAN SEM (USA) set between 1.5 
to 5 kV acceleration voltage. The angle of tilt 
varied depending upon the nature of the 
sample examined. 
 

Experimental Design and Data Analysis  
The experiment was subjected to analysis of 
variance (Panse and Sukhatme, 1995) and 
means were compared by Duncun’s Multiple 
Range test using SAS 9.3 version. 
 

Results 
Flower and Pollinium Morphology Along 
with SEM Analysis  
The flowers of D. arayalpathra are small in size 
(3-4 X3-3.5 mm) and cream-yellow in colour. It 
has a distinct spathulate ‘translator’ which 
contains a pair of massulae (Fig. 1d) and 
together called as pollinium (Fig. 1b). Each 
flower consists of five pollinium. In each 
individual pollinium contains free pollen 
tetrads. These tetrads are grouped together 
forming pollen mass (Verhoeven and Venter, 
1997,1998). Pollinium massulae size varied 
between 200 - 450 X 60 - 250 µm. A single 
pollinium massulae contains a row of 12-22 
pollen tetrads. The pollen tetrads are 
tetrahedral in planer view having a smooth 
surface (Fig. 1e-g). The pores were observed in 
proximal walls of adjacent tetrads opposite to 
each other (Fig. 1e). Tetrad were 52.3 ± 5 in 
length and 72.5 ± 5 µm in breadth. 
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Figure 1a: Flowering and fruiting twig of 
Decalepis arayalpathra; b: Close-up of flower 
showing Corona (Cr), Petals (Pe), Pollinium 
(Po) and Stigmatic Surface (SC); c: In-vivo 
pollinium germination on stigmatic surface 
(PTu-pollen tube); d: Pollinium SEM of 
translator with massulae; e: SEM of pollinium; 
f-g: Pollinium stained with Alexander stain 
showing pollen tetrads mass clear; h-i: In-vitro 
pollen germination. 
 

Effect of Pollen Germination Medium (PGM) 
on Pollen Germination 

The germination of pollens was recorded with 
the sucrose supplemented medium ranging 
from 5-20%. In pollinia, the germination was 
observed in between 4 to 20 hour of incubation 
period. The sucrose concentration of 10% 
showed germination with PGM2, where as in 
PGM1 failed to germinate. The PGM2 medium 
supplemented with 15% sucrose reinforced 
maximum germination and was optimal 
medium for in vitro germination of the pollen 
(Fig. 2).  
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Figure 2: Effect of germination medium and 
sucrose concentration on in vitro pollen 
germination in D. arayalpathra. The bar 
represents the range of germination (n=10) 
after 24 days, while the horizontal line inside 
the bar represents, the mean value and also the 
error bar denotes standard error. Different 
letters denote significant differences based on 
Duncan’s multiple range test, p = 0.05 

 

The highest germination of pollen tube was 
recorded in PGM2 with 15% and with 
maximum length of pollen tube 410 - 415 µm 
(Fig. 1h & i) around at 18 h (Fig. 3). The least 
germination and pollen tube length was 
observed in PGM1, whereas in PGM2 at 15% 
and 10% respectively. 

 

 
Figure 3: Effect of germination medium on 
pollen length of D. arayalpathra at different 
sucrose concentrations, when incubated up to 
24 hours. The error bar denotes the standard 
error (n=3), different letters denote significant 
differences compared within different PGM 

experiments based on Duncan’s multiple 
range test, p = 0.05. 
 

Pollen Germination Viability After Storage 
The pollens were stained with Alexander’s 
stain to check the viability, retained pink in 
colour. Non-viable pollen stained green or 
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sometimes remained colourless (Tejavathi 
et.al., 2019). The germination percentage of 
fresh D. arayalpathra pollen was 52.86%. In the 
case of stored pollens, the viability of the 
pollen gradually decreased under the 

temperature at −20°C and −80°C (Fig. 4). The 
significant negative correlation was observed 
between germination of pollen grains and 
storage temperature in a period of twenty 
days’ storage (Fig 4).  

 

 
Figure 4: The germination percentage of D. arayalpathra under different conditions and times. 

 

However, among all the three storage 
temperatures such as -20°C (-0.47513), -80°C (-
0.54520), and -196°C (-0.9222), the germination 
of pollinia declined after 20 days of storage in 
natural condition. Significantly, the 

cryopreserved pollinia had shown 
germination even after 20 days of preservation 
and lasted for 3 months (Fig. 5) with the 
significant correlation at 0.78** with the 
storage months.  
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Figure 5: Effect of Liquid Nitrogen (LN) on the 
pollen germination rate of D. arayalpathra. The 
error bar denotes the standard error (n=3), 
different letters denote significant differences 
based on Duncan’s multiple range test, p = 
0.05. 
 

Discussion 
The pollens of tropical RET species are 
amenable to cryopreservation and impact of 
such storage over long period of duration 
needs to be investigated. Such studies are ideal 
and essential for establishing pollen cryo banks 
for RET species. It also helps for assisted 
pollinations and conserving the nuclear 
genetic variability, by maintaining genetically 
diverse stocks of pollen collected from 
different populations in the region specific to 
ex-situ conservation programs. 
 

The pollinium wall present in the 
Asclepiadoideae referred as a pollinial pellicle 
(Swarupanandan. et al., 1996), an envelope 
found to be sporopollenin in nature, which 
accounts for preservation and durability 
during pollen processing and are highly 
resistant to decay especially under anaerobic 
conditions due to enzymatic degradation by 
fungi and other microorganism (Shukla. et al., 
1998). The exine layer of the pollen (Fig.1 e-g) 
consists of a solid stratum (tectum) subtended 
by a granular stratum (Verhoeven and Venter, 
1998). The thin inner proximal layers of pollen 
are considered as endexine (Dannenbaum and 
Schill, 1991). The SEM image also reveals the 

translator bearing massula and individual 
focused pollinia (Fig. 1. d, e).  
 

The results obtained derives that during hot 
climate, the nectary content evaporates and 
become highly concentrated sugar solution, 
which thereby inhibits pollen germination 
(Southwick, 1983). In Asclepias syrica, observed 
that the pollen germination was maximum in 
15% of sucrose and while, sucrose 
concentrations below 5% did not support 
germination, and above 30%, germination was 
slow (Kevan. et al., 1989). Similarly, in D. 
arayalpathra the media PGM2 supplemented 
with 15% sucrose had shown maximum pollen 
germination (Fig. 2 and 3). Whereas, PGM1 
showed minimal growth. Similar type of result 
was tabulated in Moringa oleifera where 
Potassium nitrate did not show any effect in 
pollen germination (Bhattacharya and Mandal, 
2004). Generally, sucrose is considered to have 
two different functions in the medium, as an 
energy source and osmoticum. The sucrose 
supplemented externally helps in maintains 
the osmotic pressure and also provides the 
essential substrates for metabolism of pollen 
(Shivanna and Tandon, 2014). The pollen 
tetrads germinated in mass (Fig.1 h-i), which 
was in accordance with the results observed in 
Periploca graceae (Dane, 2000) and 
Asclepiadaceous pollens (Ganeshan. et al., 
2008). In other words, several factors affect the 
in vitro germination of pollen grain viz 
genotype, temperature and time of 
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conservation (Benson, 2008; Patel and Mankad, 
2014; Popova. et al., 2016; Xu. et al., 2014) (Fig. 
4 and 5). The pollen germination profile of 
fresh and cryopreserved pollen was at par. In 
vitro germination of fresh pollen grain was 
higher (52.90%) and marginally decreased to 
52.70% after the 10 days of cryopreserved. This 
difference could be attributed due to the 
damages exerted by freezing and storage 
which may result in the formation of ice 
crystals and eventually ruptures the tissues 
and its structure. 
 

The present investigation offers the possibility 
of applying efficient pollen cryopreservation 
protocols for breeding and for conservation of 
the endemic, endangered forest species. This 
technique conserves variability in the male 
gametophyte and helps to conserve the plants 
in the form of germplasm.  
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